Introduction {#sec1-0300060518782070}
============

Among patients with severe acute pancreatitis (SAP), those who develop a systemic immunoinflammatory response exhibit a hypercatabolic state promoting nutritional deterioration.^[@bibr1-0300060518782070]^ Consequently, SAP is usually accompanied by increased resting energy requirements and reductions in protein mass. This persistently negative nitrogen balance results in a higher mortality rate caused by the loss of function and structural integrity of vital organs.^[@bibr2-0300060518782070]^ Thus, early nutritional support is very important in preventing serious complications and ensuring optimal recovery in patients with SAP.

Various techniques have been adopted for nutritional support in recent clinical studies, such as total parenteral nutrition (TPN), dual parenteral and enteral nutritional support, nasojejunal feeding, nasogastic feeding, and others. The optimal route of administering nutritional support is controversial. According to the assumption that resting the pancreas by avoiding irritation and production of pancreatic digestive enzymes is beneficial in patients with pancreatitis, TPN has become the standard route for providing exogenous nutrients since Feller et al.^[@bibr3-0300060518782070]^ reported decreased complication and mortality rates in patients supported with parenteral nutrition in 1974. Parenteral nutrition can maintain lean body mass while avoiding adynamic ileus. However, it is limited by an increased risk of infection through the central venous catheter, may worsen the inflammatory process, alters gut permeability, and does not improve mortality.^[@bibr4-0300060518782070]^

Preservation or restoration of the gut barrier function may have a beneficial impact on infectious morbidity from SAP and may reduce mortality. Additionally, recent studies of trauma and burn management have shown that enteral nutrition has fewer complications, offers the potential for immune modulation and disease attenuation, reduces the incidence of sepsis, and is less expensive.^[@bibr5-0300060518782070]^ Thus, total enteral nutrition (TEN) is being used more frequently in patients with acute pancreatitis.^[@bibr6-0300060518782070],[@bibr7-0300060518782070]^ In recent studies, however, TEN was started ≥48 h after admission to the hospital. One study showed no demonstrable effect of immediate TEN on the inflammatory response or intestinal permeability compared with conventional management (i.e., nothing per os or no nutritional support) in patients with predicted SAP.^[@bibr8-0300060518782070]^ Enteral nutrition provides gut integrity with immune modulation, reduces the inflammatory response, is associated with fewer infectious complications, and is much less expensive; however, its widespread use in the clinical setting is limited by concern regarding adynamic ileus and pancreatic stimulation.

Comparisons between TEN and TPN for treatment of SAP have been performed in many clinical trials.^[@bibr9-0300060518782070][@bibr10-0300060518782070][@bibr11-0300060518782070][@bibr12-0300060518782070][@bibr13-0300060518782070][@bibr14-0300060518782070][@bibr15-0300060518782070][@bibr16-0300060518782070]--[@bibr17-0300060518782070]^ However, the clinical outcomes were not completely consistent, and no study was large enough to provide definite conclusions about the safety of enteral nutrition. We therefore performed a meta-analysis of eligible comparative studies to evaluate the efficacy, tolerance, clinical outcome, and cost of TEN versus TPN for SAP.

Methods {#sec2-0300060518782070}
=======

Literature search for eligible studies {#sec3-0300060518782070}
--------------------------------------

In January 2017, we searched the PubMed database, Embase, and Cochrane Library using the following search strategy: (enteral nutrition OR feeding) AND (parenteral nutrition OR feeding) AND (severe acute pancreatitis OR acute necrotizing pancreatitis). All retrieved articles and relevant reviews were manually searched to find other potentially eligible studies.

Inclusion and exclusion criteria {#sec4-0300060518782070}
--------------------------------

Articles were selected based on the following criteria: 1) the study was a randomized controlled trial, 2) the study included patients with SAP, 3) the study compared the efficacy and safety of TEN versus TPN for SAP, and 4) at least one of the following was assessed: mortality, length of hospital stay, infectious complications, organ failure, and surgical interventions.

The exclusion criteria were as follows: 1) patient age of \<18 years, 2) pregnancy, 3) case reports and reviews, 4) non-English-language literature, and (5) studies that did not include participants.

Quality assessment {#sec5-0300060518782070}
------------------

The quality of the included trials was assessed using the Physiotherapy Evidence Database (PEDro) score. Data were independently collected by two reviewers. The following information was collected: first author, country, year of publication, number of cases, patients' baseline characteristics (mean age, sex ratio), and information regarding clinical outcomes (e.g., mortality, length of hospital stay, infectious complications, organ failure, and surgical interventions).

Statistical analysis {#sec6-0300060518782070}
--------------------

We used Review Manager 5.3 software (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) for the meta-analysis. Clinical outcomes were assessed with respect to mortality, pancreatic infections and related complications, organ failure, surgical interventions, and length hospital of stay. Binary outcome data (mortality, pancreatic infections and related complications, organ failure, and surgical intervention) were summarized using odds ratios (ORs) and 95% confidence intervals (CIs). For the successive variable (hospital stay), we used the weighted mean difference and its 95% CI. Funnel plots were employed to assess the possibility of publication bias. These plots showed the intervention effect of each study against the standard error. A symmetrical plot reveals no bias, and any asymmetry of the plot would suggest publication bias. If heterogeneity was either absent or low, we presented the results of only the fixed-effects model. If substantial heterogeneity was present (\>50%), all analyses were based on the random-effects model. The sensitivity analysis was performed to test the strength and robustness of the pooled results by sequential omission of individual studies, and the results are expressed using P values.

Ethics statement {#sec7-0300060518782070}
----------------

The need for ethics approval was waived because this was a meta-analysis and involved no people or animals.

Results {#sec8-0300060518782070}
=======

Characteristics of included studies {#sec9-0300060518782070}
-----------------------------------

As shown in [Figure 1](#fig1-0300060518782070){ref-type="fig"}, 206 articles were retrieved through the database search. After reviewing the abstracts and titles, 147 studies were excluded because they focused on an unrelated topic, and 50 were excluded because they did not meet the inclusion criteria. Finally, 9 relevant randomized controlled trials involving 500 patients (244 in the TEN group and 256 in the TPN group) were retrieved. The characteristics of these included studies are summarized in [Table 1](#table1-0300060518782070){ref-type="table"},^[@bibr9-0300060518782070][@bibr10-0300060518782070][@bibr11-0300060518782070][@bibr12-0300060518782070][@bibr13-0300060518782070][@bibr14-0300060518782070][@bibr15-0300060518782070][@bibr16-0300060518782070]--[@bibr17-0300060518782070]^ and the quality of the trials as assessed by the PEDro score is shown in [Table 2](#table2-0300060518782070){ref-type="table"}.

![Flow chart of selection of included studies.](10.1177_0300060518782070-fig1){#fig1-0300060518782070}

###### 

Main characteristics of the studies.

![](10.1177_0300060518782070-table1)

  Study                      Country   Number of patients (TPN/TEN)   Mean age, years (TPN/TEN)   Sex, M:F (TPN/TEN)   APACHE II score (TPN/TEN)   Key outcomes
  -------------------------- --------- ------------------------------ --------------------------- -------------------- --------------------------- ---------------------------------------------------------------------------------------------------------------------
  Wang et al. 2013           China     60/61                          41.7±11.4/43.7±13.7         17:13/32:29          14.63±3.67/13.27±2.86       Pancreatic sepsis; MODS; mortality; plasma endotoxin levels; plasma cytokine levels
  Wu et al. 2010             China     54/53                          54±11.2/52±12.1             5:4/32:21            16±4.4/14±2.1               Mortality; hospital stay; organ failure; surgical intervention; infection and complications
  Doley et al. 2009          India     25/25                          41.1±11.3/38.4±13.8         \-                   -/-                         Mortality; surgical intervention; hospital stay; infectious complications
  Casas et al. 2007          Spain     11/11                          55.6±15.6/61.2±16.6         8:3/8:3              8/8                         Mortality; surgical intervention; infection; organ failure
  Petrov et al. 2006         Russia    34/35                          52(41--70)/51(42--67)       12:5/27:8            12.5/12                     Mortality; infectious complications; noninfectious complications; organ failure
  Eckerwall et al. 2006      Sweden    25/23                          68(60--80)/71(58--80)       14:12/10:14          9/10                        Mortality; complications; organ failure; hospital stay
  Louie et al. 2005          Canada    18/10                          59.0±15.3/65.3±18.3         1:1/3:2              12.7/11.8                   Mortality; inflammation; infectious complications; cost
  Gupta et al. 2003          UK        9/8                            57(38--86)/65(56--89)       1:1/1:2              3/4                         Hospital stay; infection; organ failure; mortality
  Kalfarentzos et al. 1997   Greece    20/18                          67/63                       7:13/8:10            11.8/12.7                   Mortality; hospital stay; infection and complications; nutrition-related complications; surgical intervention; cost

Data are presented as n, mean ± standard deviation, or mean (range).

TPN, total parenteral nutrition; TEN, total enteral nutrition; M, male; F, female; APACHE II, Acute Physiology and Chronic Health Evaluation II; MODS, multiple organ dysfunction syndrome.

###### 

Item PEDro score.

![](10.1177_0300060518782070-table2)

  Study                      Item PEDro score   Total score                                           
  -------------------------- ------------------ ------------- ---- ---- ---- ---- ---- ---- ---- ---- ------
  Wang et al. 2013           \+                 \-            \+   \+   \+   \-   \+   \+   \+   \+   8/10
  Wu et al. 2010             \+                 \-            \+   \-   \-   \-   \+   \+   \+   \+   6/10
  Doley et al. 2009          \+                 \-            \+   \-   \-   \-   \+   \+   \+   \+   6/10
  Casas et al. 2007          \+                 \+            \+   \-   \-   \-   \+   \+   \+   \+   7/10
  Petrov et al. 2006         \+                 \-            \+   \-   \-   \-   \+   \+   \+   \+   6/10
  Eckerwall et al. 2006      \+                 \+            \+   \-   \-   \-   \+   \+   \+   \+   7/10
  Louie et al. 2005          \+                 \+            \+   \+   \-   \-   \+   \+   \+   \+   8/10
  Gupta et al. 2003          \+                 \+            \+   \-   \-   \-   \+   \+   \+   \+   7/10
  Kalfarentzos et al. 1997   \+                 \+            \+   \-   \-   \-   \+   \+   \+   \+   7/10

PEDro, Physiotherapy Evidence Database.

Mortality rate {#sec10-0300060518782070}
--------------

All nine studies assessed mortality. There were 244 patients in the TEN group and 256 patients in the TPN group. A heterogeneity test was performed on all clinical trials, and there was no statistically significant difference among the included studies (I^2^ = 25%); therefore, the fixed-effects model was used. The overall mortality rate for TEN and TPN were 7.0% and 20.7%, respectively. The meta-analysis of the mortality rate demonstrated that the mortality rate was significantly lower in the TEN than TPN group (OR, 0.31; 95% CI, 0.18--0.54; P \< 0.0001) ([Figure 2](#fig2-0300060518782070){ref-type="fig"}). The sensitivity analysis revealed that the result was robust and did not depend on any individual study.

![Meta-analysis of mortality.](10.1177_0300060518782070-fig2){#fig2-0300060518782070}

Pancreatic infections and related complications {#sec11-0300060518782070}
-----------------------------------------------

Five studies assessed pancreatic infections and related complications with 99 patients in the TEN group and 108 patients in the TPN group. The ﬁxed-effects model was used, and no significant heterogeneity was found among these studies (I^2^ = 24%). The meta-analysis of pancreatic infections and related complications demonstrated a significantly lower rate of pancreatic infections and related complications in the TEN than TPN group (OR, 0.41; 95% CI, 0.22--0.77; P = 0.006) ([Figure 3](#fig3-0300060518782070){ref-type="fig"}). The sensitivity analysis revealed that the result was robust and did not depend on any individual study.

![Meta-analysis of pancreatic infections and related complications.](10.1177_0300060518782070-fig3){#fig3-0300060518782070}

Organ failure {#sec12-0300060518782070}
-------------

Six clinical studies had relevant data regarding organ failure, with 191 patients in the TEN group and 193 patients in the TPN group. Because there was evidence of heterogeneity among the included studies (P = 0.006, I^2^ = 70%), the random-effects model was used. The meta-analysis results showed that TEN was associated with a significantly lower risk of organ failure than TPN (OR, 0.17; 95% CI, 0.06--0.52; P = 0.002) ([Figure 4](#fig4-0300060518782070){ref-type="fig"}). The sensitivity analysis revealed that the result was robust and did not depend on any individual study.

![Meta-analysis of organ failure.](10.1177_0300060518782070-fig4){#fig4-0300060518782070}

Surgical interventions {#sec13-0300060518782070}
----------------------

Four clinical studies assessed surgical interventions, with 124 patients in the TEN group and 124 patients in the TPN group. Because there was significant heterogeneity among these studies (P = 0.009, I^2^ = 74%), the random-effects model was used. The meta-analysis results revealed that the rate of surgical intervention was significantly lower in the TEN than TPN group (27.4% vs. 69.4%, respectively; OR, 0.17; 95% CI, 0.05--0.62; P = 0.007) ([Figure 5](#fig5-0300060518782070){ref-type="fig"}). The sensitivity analysis revealed that the result was robust and did not depend on any individual study.

![Meta-analysis of surgical interventions.](10.1177_0300060518782070-fig5){#fig5-0300060518782070}

Length of hospital stay {#sec14-0300060518782070}
-----------------------

Five studies assessed the length of hospital stay, with 85 patients in the TEN group and 90 patients in the TPN group. A fixed-effects model was used to perform the pooled analysis with no significant heterogeneity among these studies (I^2^ = 34%). The meta-analysis of the length of hospital stay demonstrated that TEN was associated with a shorter hospitalization stay than TPN (mean difference, −0.59; 95% CI, −2.56--1.38) ([Figure 6](#fig6-0300060518782070){ref-type="fig"}). The sensitivity analysis showed that the P value, which varied from 0.04 to 0.81, was not stable because of the study by Tao et al.^[@bibr18-0300060518782070]^

![Meta-analysis of hospital stay.](10.1177_0300060518782070-fig6){#fig6-0300060518782070}

Publication bias {#sec15-0300060518782070}
----------------

The funnel plot for outcome measurements among all included studies appeared to be symmetrical ([Figure 7](#fig7-0300060518782070){ref-type="fig"}). The spots indicating single studies fell evenly on both sides of the inverted funnel, indicating no publication bias.

![Publication bias of the included literature.](10.1177_0300060518782070-fig7){#fig7-0300060518782070}

Discussion {#sec16-0300060518782070}
==========

SAP is a common acute surgical condition with high morbidity and mortality in many cases.^[@bibr19-0300060518782070]^ The potential pathogenesis of acute pancreatitis involves premature activation of proteolytic enzymes, causing autodigestion of the pancreas.^[@bibr20-0300060518782070]^ For the management of SAP, nutritional support should be started as soon as possible following admission (within 48 hours). The optimal nutritional support for SAP has been a subject of debate for decades. TPN was previously considered the standard nutritional support technique for SAP while avoiding stimulation of an already inflamed pancreas. In recent years, increasingly more investigators are recommending TEN instead of TPN because enteral nutrition ensures the integrity of the gut with immune modulation, a decreased inflammatory response, fewer septic complications, and lower cost. Some investigators have proposed that pancreatic stimulation should be maintained and that the stress response should be preserved to reduce the occurrence of nosocomial infections, multiorgan failure, and mortality.^[@bibr21-0300060518782070]^ In 2015, experts in Italy proposed TEN as the recommended nutritional support technique in patients with SAP.^[@bibr22-0300060518782070]^ However, the use of early TEN for patients with SAP has not been systematically evaluated.

Several randomized clinical trials^[@bibr12-0300060518782070],[@bibr14-0300060518782070],[@bibr15-0300060518782070]^ and meta-analyses^[@bibr23-0300060518782070][@bibr24-0300060518782070]--[@bibr25-0300060518782070]^ have been performed to compare the efficacy and safety of TEN and TPN in patients with SAP. By comparing similar published meta-analyses, we evaluated more clinical trials including those that assessed mortality, pancreatic infections and related complications, organ failure, surgical interventions, and length of hospital stay. Notably, our results differed from those of the previous meta-analysis with larger statistical power. In the present meta-analysis, pooled analysis of 11 studies involving 500 patients with SAP showed that mortality was significantly lower in the TEN than TPN group. Compared with TPN, TEN had a lower risk of pancreatic infections and related complications, organ failure, and surgical interventions, and the length of hospital stay in was significantly shorter in the TEN than TPN group. These findings indicate that TEN is superior to TPN with respect to the clinical outcomes studied.

Bacterial translocation from the gut or absorption of endotoxins might drive the inflammatory response in patients with SAP. In critically ill patients, especially those with SAP, a metabolically deprived gut absorbs endotoxins or other bacterial products, stimulating endogenous cytokines and finally resulting in an immunoinflammatory response.^[@bibr24-0300060518782070],[@bibr26-0300060518782070],[@bibr27-0300060518782070]^ Additionally, intestinal permeability is increased in patients with SAP.^[@bibr27-0300060518782070]^ After promoting gut barrier alterations, TPN may facilitate the development of severe nosocomial infections, sepsis, and organ failure.^[@bibr29-0300060518782070],[@bibr30-0300060518782070]^ In contrast, TEN can maintain the integrity and function of the intestinal mucosa,^[@bibr31-0300060518782070]^ reducing bacterial translocation and maintaining the immunocompetence of the host.

Clinical and experimental evidence have revealed higher levels of both local and systemic inflammatory mediators with TPN than enteral nutrition. In a study of 67 patients with SAP by Xu et al.,^[@bibr32-0300060518782070]^, the serum endotoxin level, diamine oxidase level, and urinary lactulose to mannitol excretion ratio were significantly lower in the enteral nutrition group than in the TPN group (P \< 0.05). Windsor et al.^[@bibr7-0300060518782070]^ reported increased levels of serum IgM anti-endotoxin antibodies after TPN treatment in 34 patients with acute pancreatitis, whereas there was no change in patients who underwent TEN treatment, indicating ongoing exposure to endotoxin. Gupta et al.^[@bibr12-0300060518782070]^ reported a consistent but non-significant rise in IgM antibodies in patients treated with TPN throughout the study period, while the IgM antibody level fell in patients treated with TEN. Furthermore, they reported a broadly similar change in IgG antibodies between the TPN and TEN groups. TPN appears to lead to increased endotoxin exposure, perhaps as a result of bacterial colonization of feeding catheters.

This meta-analysis has some limitations. First, although we combined all available data to systematically evaluate the safety of TPN and TEM, the quality of some of the included studies was relatively low. Second, heterogeneity was present among the included studies and arose from differences in clinical samples, evaluation standards, and definitions of various infectious complications. Despite these limitations, we conclude that TEN is associated with a lower mortality rate, fewer infectious complications, a lower rate of organ failure, a lower surgical intervention rate, and a shorter hospital stay when compared with TPN. Third, through the sensitivity analysis, we found that the P value was not stable because of the study by Tao et al.^[@bibr18-0300060518782070]^ The mixed population and the large sample size in this study might be the reasons for the lack of stability of the results. Hence, this meta-analysis supports more favorable outcomes for TEN than TPN. However, further well-designed clinical trials are necessary to support this conclusion.
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